"By Jove! I feel as if I sho remarkable since the director of the planting operations had never been to Africa.
The African plains exhibit not only embodied the zoological park's goals of advancing and disseminating knowledge, it met the need for public recreation. Yet, as one park planner perceptively remarked, recreation had a more fundamental meaning for zoo officials beyond that of rest and relaxation: it also meant "re-creation." "In this sense the Zoo and the Aquarium have a peculiar and unique function in civic life," he noted. "For a population cut off from almost all direct contact with nature, there is something very recreative, mentally and physically, in looking at live animals."3 The African plains exhibit at the Bronx Zoo was a major experiment in the re-creation of nature. For Osborn, who became one of the most outspoken leaders of conservation in the aftermath of World War II, such re-creations of natural environments contributed importantly to public education. That nature was becoming a commodity for public consumption, Osborn had little doubt. Travelogue-expedition films such as Simba, Chang, and King Kong and the successful opening of Ma-rineland in 1938 testified to this fact.4 Capit public aware of the need for conservation-no natural environment and resources of the area occupied by wildlife-was an essential task of these new habitat displays. At the same time, the African plains exhibit signaled an early experiment in the synthetic creation of nature and foreshadowed a time to come, as Osborn was only too keenly aware, when the only way to save nature in the "mechanical age" was for it to be reborn through human hands. With human civilization permeating, in Osborn's words, "virtually every living area of the earth's surface," the ability of nature to reproduce was threatened; humans would have to become technological midwives. Osborn believed that the only way to save nature was through a "co-ordinated nationwide effort" that "harmonized human needs with the processes of nature"-to recreate nature.5
Osborn did not envision nature simply as an object of technological control. "I could never join the school of thought that believes man can control nature," he wrote.6 Although he viewed "science cultists and nature worshipers at opposite poles," he saw both contributing to the alienation of humans from nature. The one emphasized human mastery over nature, the other shunned any presence of the artificial. Osborn sought instead an integration of humans and nature into a synthetic whole, where science "aid[s] and abet[s] natural processes," but doesn't "replace them.'7 Zoo exhibits were neither places to witness and affirm an imperial mastery over nature, as they had been well into the early twentieth century, nor places 4 For biographical information on Osborn, see National Cyclopaedia ofAmerican Biography, 1984, 62:172-173; Current Biography 1949:463-465 . On the commodification of nature appreciation, see Roderick Nash, "The Exporting and Importing of Nature: Nature-Appreciation as a Commodity, 1850 -1980 ," Perspectives in American History, 1977 . For an analysis of Marineland in relation to natural history film, see Gregg Mitman, "Cinematic Nature: Hollywood Technology, Popular Culture, and the American Museum of Natural History," Isis, 1993, 84:637-661. 5Fairfield Osborn, Our Plundered Planet (Boston: Little, Brown and Co., 1948), pp. 35, 193 . The politics of reproduction in nature has interesting parallels to that of human reproduction in the late twentieth century centered around technoscience. Margaret Atwood's The Handmaid s Tale (Toronto: McClelland & Steward, 1985) is a chilling novel that reveals how much is at stake and how much is inscribed upon women's bodies in the reproductive anxieties of the late twentieth century. An indepth exploration of how these issues get played out in the reproduction of nature awaits its author. 6 Historians of ecology have pointed to the prevalence of a technocratic optimism and the centrality of a management ethos within ecology during the post-World War II period. See, for example, Stephen Bocking, "Conserving Nature and Building a Science: British Ecologists and the Origins of the Nature Conservancy," in Science and Nature: Essays in the History of the Environmental Sciences, ed. Michael Shortland. BSHS Monographs, vol. 8 (Oxford: Alden Press, 1993) , pp. 89-114; Chunglin Kwa, "Radiation Ecology, Systems Ecology, and the Management of the Environment," in Science and Nature, pp. 251-284; Chunglin Kwa, "Representations of Nature Mediating Between Ecology and Science Policy: The Case of the International Biological Program," Social Studies of Science, 1987, 17:413-442 ; Gregg Mitman, The State of Nature: Ecology, Community, and American Social Thought (Chicago: University of Chicago Press, 1992); Donald Worster, Nature's Economy: The
Roots of Ecology (Garden City, N.J.: Doubleday, Anchor Press, 1979) . Missing from these histories, however, is an understanding of how power is manifested through the methodological practices and management technologies employed within the field. To construe Osborn's vision as one of technological control is to greatly simplify the meanings of power woven into the complex nexus of the technological and social that constitutes the fabric of ecological science as environmental management. Quote from address by Fairfield Osborn at Joint Invitation of Secretary of Interior and President of Carnegie Institution, at Elihu Root Auditorium, Washington, D.C., February 8, 1949, p. 8;  Fairfield Osborn Papers; Box 1; Speeches & Writings, 1946 -1949 To recreate this aesthetic experience of wilderness successfully, any trace of artificiality, any visible manifestation of power, had to be rendered invisible.9 The exhibit "works" to the extent that we feel a part of it, as though we were literally in Africa. Such a feeling could not be evoked when animals were visibly behind bars, however, for the encounter between human and animal is mediated by the awareness of artificiality and confinement and powerlessness.'0 The mutual freedom of observer and observed is essential if the encounter is to be real. Thus, the concealment of power and the perception of freedom are both necessary in the re-creation of a space where nature could be seen and lived.
Osborn sought to recreate a space for a way of seeing that was an integral part of natural history in the early twentieth century. For many natural historians, an aesthetic vision had defined the art of seeing. Great value was placed on sensation in this aesthetic experience, because it was through an immersion in nature's language-the language of the senses-that empathy, a truth of feeling, a knowing of the individual animal, took place." With the professionalization of natural history, this aesthetic vision, so grounded in an individual perspective, became relegated to the art of nature observation as hobby, pleasure, or even religious experience. Still, the aesthetic continued to occupy a place within the professional sphere. Osborns goal was, after all, to recreate a space either in the zoo or in the field where the individual could experience the sublime. 12 Yet to render nature an artful construction Sheridan (1975; rpt. New York: Vintage Books, 1979), pp. 195-230. " ' John Berger, About Looking (New York: Pantheon Books, 1980) , pp. 18-26. Interestingly, during the 1940s the concept of territory within the field of animal behavior indicated that freedom was itself illusory in the wild. H. Hediger, director of the Zoological Gardens at Basle, made great use of this to argue that the zoo was not a prison and that although the space for animals in captivity could not always meet the size of its natural territory, one could closely approximate the physiological and psychological freedom enjoyed by animals in the wild. In doing so, nature and the zoo would becomein the mechanical age required a more transcendent vision-a limitless view that surpassed knowledge gained through sensory experience of the individual body.
The camera played an important role in this shift from an aesthetic to a transcendent vision."3 Once a tool used by the field biologist to capture the individuality of nature, the camera by the 1940s had begun to displace the romantic naturalist's eye.
In place of a vision focused on the unique elements of nature, the camera substituted a panoramic view, unlimited by the individual observer's subjective and partial experience. The camera, and particularly surveillance technologies such as biotelemetry and Landsat imaging, made possible the active monitoring and literal procreation of nature in the field. And just as power had been downplayed in the new naturalistic zoo displays, surveillance technologies enabled the biologist to conceal the manifestations of power within the field in a similar way. To discern these manifold interweavings of vision, power, and nature, we shall focus upon an important site in this changing field of vision within natural history: Jackson Hole, Wyoming.'4 THE ART OF SEEING In 1945, four years after the opening of the African plains exhibit, the New York Zoological Society embarked upon a joint venture with the Wyoming Game and Fish Commission and the Jackson Hole Preserve, Inc., to establish in Jackson Hole, Wyoming, a wildlife park that would enable the traveling public to view the "magnificent big game animals of the West" usually witnessed only by hunters and wilderness enthusiasts.'5 The 1,200-acre game park, bordered by state highways, would display in a 400-acre section surrounded by 8 miles of invisibly placed steel fencing big game animals that included elk, moose, mule deer, pronghorn antelope, and bison in their natural surroundings. If the zoo was becoming more like nature, nature was also becoming more like the zoo. Artful human constructions, such spectacles of nature as the African plains exhibit and the Jackson Hole Wildlife Park concealed in similar ways the social and technological infrastructures that made their very existence possible.
The origins of this game park lay in 1927, when John D. Rockefeller, Jr., with the 1' Silverman, "What Is a Camera?" On the importance of transcendent vision and its links to the ideal of mechanical objectivity, see Lisa Cartwright, "'Experiments of Destruction': Cinematic Inscriptions of Physiology," Representations, 1992, 40:129-152; and Lorraine Daston and Peter Gali- son, "The Image of Objectivity," Representations, 1992, 40:81-128. 14 The approach in this essay borrows from Stephen Heath's suggestion that "cinema does not exist in the technological and then become this or that practice in the social; its history is a history of the technological and social together, a history in which the determinations are not simple but multiple, interacting, in which the ideological is there from the start." See Stephen Heath, "The Cinematic Apparatus: Technology as Historical and Cultural Form," in The Cinematic Apparatus, eds. Teresa de Lauretis and Stephen Heath (New York: St. Martin's Press, 1980), pp. 1-13. I thank Donna Haraway for calling Heath's work to my attention. Heath's approach to cinema bears much similarity to the past decades' work in the social studies of science that has sought to explore the mediating role of scientific practice in the construction of scientific knowledge. As Clarke and Fujimura have recently suggested, when discussing the "basic social processes of scientific practice, it is important to remember throughout that these processes apply not only to physical manipulations of apparatus or materials, but also to what is usually handled as distinctive-thoughts, ideas, theories, models, and heuristics." Process, they argue, is "embedded in practice and in ideas." See Adele E. Clarke and Joan H. Fujimura, eds., The Right Tools for the Job: At Work in Twentieth-Century Life Sciences Game Commissioner Lester Bagley, Osborn and Rockefeller envisioned a game park, accompanied by an information center containing material on the habits, management, and conservation of wildlife, that would be a "gathering point for naturalists and wildlife enthusiasts and an area for scientific study in wildlife conservation, propagation and management on a scale unparalleled in the nation." 18 Integral to th story of wildlife conservation in Jackson Hole was another story, one of American heritage dear to Rockefeller's heart-the winning of the West, and the preservation of an environment crucial to "the struggle of a courageous, self-reliant, energetic people in the building of a free and prosperous nation." 19 Rockefeller and Osborn had more ambitious plans than simply the preservation of pristine nature. They hoped to recreate a "snapshot" that would convey an image of how the area appeared at the moment of contact with European settlers. Yet Osborn and others were acutely aware that any hint of artificiality would seriously jeopardize their efforts at creating the look of "primitive wilderness." To ensure the perception of freedom-a key element in the successful re-creation of nature-animals were to be "confined in such a manner that they themselves will har of their ranges." 20 Although Harold Fabian, who represented in Jackson Hole, had warned Laurance that only from cattlemen opposed to game con "frown upon us as interfering with the proc ming reported early public reaction to be fa A member of the board of directors for the Jackson Hole Preserve, Inc., Murie resigned in November 1945 when word came of Rockefeller and Osborn's impending plans.23 Murie was concerned that building a "road-side zoo in the Jackson Hole National Monument" would set a dangerous precedent for national park policy. Although the wildlife park was to be established on Rockefeller lands, the land was eventually to be turned over to the Park Service. A fenced enclosure for wildlife within a national park would be contrary to the then-current policy of keeping the parks as natural as possible. The issue, as Murie expressed it, was "showmanship vs. natural presentation.?24 Murie dashed off articles to the local and national press criticizing the project. "Proposed Rockefeller Zoo Rapped by Director of the Wilderness Society," read the headline of the Jackson Hole Courier, while the National Parks Magazine titled Murie's broadside "Fenced Wildlife for Jackson Hole" (Figure 2) . Murie argued that while "a menagerie is a wonderful service to the public in larger cities where the animal's environment is not available, it is a ludicrous intru- was no different than the laboratory experimenter in this sense. The real problem was how to detach oneself from the aesthetic, empathetic engagement with nature held dear by Murie, how to train the eye so that the observer became an instrument of observation. In this context, the purpose of the camera was not to artfully render nature, but to introduce a greater distance between subject and object that would guarantee a "high degree of scientific reliability and control." While "scientific field investigators will sympathize with the attitude of the anecdotalist," remarked T. C.
Schneirla, head of the American Museum of Natural History's Department of Animal Behavior, "they also know that a single observation, especially when incomplete and reported from observational memory, can have no valid bearing on the solution of a problem." Repeatable and predictable observations under varied conditions within the field, readily captured on film, would more closely conform to the ideal of mechanical objectivity achieved through instrumentation within the laboratory.
And in the process, the distinction between laboratory and the field would begin to break down.49
What the field offered to animal behavior researchers above and beyond the laboratory was a panoramic view of the integrated whole that was essential to understanding where more detailed investigations should begin. Clarence Ray Carpenter, whose primate studies were decisive in the resurgence of field investigations among American researchers, argued that while laboratory investigations had taken science far in analysis, they were inept at synthesizing this accumulated information. In their myopic vision, both the laboratory scientist and the technological specialist ignored the environmental and social complexes, the situational context, that had direct bearing upon individual processes. Researchers needed to have a wide-angle field of observation that eliminated the partial knowledge gleaned in the laboratory or found in the anecdotal accounts of the field naturalist. The ideal study, Schneirla argued, involved "coordination of field and laboratory investigation.:50 Field investigations provided the broad and synthetic picture of the landscape, a map, if you will, of the complex interdependent relations at work, for instance, in animal societies or plant communities, and thus held important clues as to where direct, manipulative procedures should be focused. The study was not complete, however, until these detailed laboratory analyses were reconstituted into a unified whole. With the panorama of natural habitat associations established and the boundaries of the system defined, dissection and analysis can begin. Next we are introduced to a shot of a small mammal being placed in a bell jar so that metabolic tests can be made and correlated with the microclimate of its habitat ( Figure 6 ). "Thus the work of laboratory and field is effectively combined," states the narrator, "to establish norms for animal behavior. Controlled laboratory research must supplement field observations." From here, the camera zooms in on scenes from individual studies being conducted on the ecology and behavior of the sage grouse, raptors, and moose; the nesting, breeding, and rearing behavior of Canada geese; and the social organization and behavior of elk. However, the final outcome is only achieved once the parts are reassembled into the whole; nature must be made complete. What is different from the opening scene is that humans are now part of the grand picture. In the re- Murie saw the region of Jackson Hole as pristine nature, a wapiti wilderness into which the naturalist initially entered as an intruder. Once enveloped by its grand splendor, however, the observer became 'just another creature on the face of Nature." And in this act of engagement, one might "feel .s.r. , experience .b.i. ,hthe primal instincts and the early stirrings of aesthetic satisfactions" found among other creatures in this landscape. In contrast, the postwar generation of biologists who 90 .
:. ~ ~ |.j Stewart Udall that "as a primary goal ... biotic associations within each park be maintained, or where necessary re-created, as nearly as possible in the condition that prevailed when the area was first visited by the white man.... [Olbservable artificiality in any form must be minimized and obscured in every possible way. "55 Osborn and the Leopold committee shared a desire to recreate the look of pristine nature. In the aftermath of World War II, the emergence of an affluent middle class, which placed a new value on environmental quality, intensified the demand for wilderness areas.-`6Yet increased concern about overpopulation and dwindling resources called into question whether such pristine areas could actually be found. Nature would be reborn through human hands. In the Mfrican plains exhibit, in the Jackson Hole Wildlife Park, and in the Leopold Report, one finds a common concern that in this act of creation, the presence of humans be obscured in every possible way. But to recreate nature on the scale envisioned by Osborn required an incredible human and technological investment.57 To render invisible the human presence necessary in monitoring and maintaining the system required a transcendent vision comparable to that of the eye of God.
Visual technologies played an important role in this shift from an aesthetic to a transcendent vision in natural history. This shift is evident as a contrast between Murie and the postwar generation of wildlife biologists. The camera served a dual role. For Murie, it captured the individuality and emotional essence of nature; for the next generation of researchers it provided a wide-angle field of observation by distancing the researcher from the subject and precisely recording the repeatable and predictable within nature. The introduction of biotelemetry and Landsat imaging into wildlife biology made possible a limitless vision, one that transcended the bounds of human sensory experience, and removed the human observer from direct contact with nature. These visual technologies provided the panoramic view that permitted the artful construction of nature in the mechanical age by yielding information through the surveillance and monitoring of wildlife populations essential for the ecological restoration of wilderness. Paradoxically, wildlife biologists employed these technologies to facilitate the construction of a space where the individual could personally experience nature in an aesthetic way. At the professional level, they distanced themselves from an aesthetic and emotional engagement with nature, yet that very engagement was often the inspiration that drew them into biology and continued to serve as an inspiration in their study of nature. 58 There are parallels here with Simon Schaffer's discussion of the elimination of the personal equation through the mechanization of observation within nineteenth-century astronomy. One major difference, however, is that personal experience continued to be highly valued within natural history. Although instrumentation became an important means for eliminating the partiality of individual experience within wildlife biology, it was meant to facilitate the construction of a space where the individual could personally experience nature. See Simon Schaffer, 'Astronomers Mark Time: Discipline and the Personal Equation," Science in Context, 1988, 2:115-145. 59 Frank and John Craighead, "Adventures With Birds of Prey," National Geographic Magazine, 1937, 72:109-134 . Other feature articles on the Craigheads in National Geographic include John and Frank Craighead, "In Quest of the Golden Eagle," National Geographic Magazine, 1940, 77:693-710; John and Frank Craighead, "Life with an Indian Prince," National Geographic Magazine, 1942, 81:235-272; Frank and John Craighead, "Cloud Gardens in the Tetons," National Geographic Magazine, 1948, 93:811-830; We Survive on a Pacific Atoll," National Geographic Magazine, 1948, 93:73-94; Frank and John Craighead, "Wildlife Adventuring in Jackson Hole," National Geographic Magazine, 1956, 109:1-36; Hawks in the Hand, the two newly graduated bachelor's degree students from Penn The Craigheads believed that a quantitative analysis based on intensive and comprehensive data on density, mortality, productivity, activities, food habits, and movements of raptors and prey populations gathered over a short period would improve understanding of raptor predation much better than the traditional qualitative approach using isolated data collected over long periods. Over a two-year period, at the end of each day, every raptor observation was recorded on field maps and dated and then transferred to other maps according to subject matter, such as hawk ranges, owl ranges, roosting areas, and activity and kill areas. The maps provided a quick and detailed visual account of an immense amount of quantitative information (Figure 8 red, green, and blue goslings whose movements the researchers could follow and record at a distance. "Vigilant spying," the Craigheads argued, had resulted in "files crammed with detailed 'biographies' of more than 1,000 goose nests," including information on the number of eggs laid and hatched and gosling mortality. In addition, colored neckbands on young geese provided more detailed information on the daily, seasonal, and annual activities of individual birds. This technique proved advantageous over traditional leg bands, since leg bands were not observable from a distance and only revealed information once the bird was found dead. The Craigheads also adapted the use of colored bands to their ecological study of grizzly bear populations in the Yellowstone area from 1959 to 1971. Over a 12-year period, 277 grizzlies were captured and individually color-marked. With this technique, movement, distribution, and mortality of the bears in the area could be discerned and used to help define the size and extent of the critical habitant necessary for their survival. Similarly, the fitting of 1,448 elk of the Northern Yellowstone herd with colored collars enabled individual animals to be identified at distances of 200 yards. This produced data on the ranges and migratory patterns of elk populations frequenting the Yellowstone area that were unavailable through more traditional ear-tag methods.
In each case, these surveillance techniques were justified to obtain "vital facts and principles on which to manage wisely a magnificent, once-threatened natural resource for the enjoyment of future Americans."63
The The Craigheads were themselves early pioneers in the application of radiotelemetry to wildlife biology. The study of the behavior and ecology of the grizzly bear posed major obstacles, since the bear is primarily nocturnal in its habits, traverses heavily forested and rugged terrain, and sleeps in a den five to six months of the year. To acquire information on the grizzly's home range, center of activity, selection of den sites, den construction, prehibernation behavior, and denning activities, the Craigheads fitted twenty-three grizzlies with radio collars over the course of their twelve-year ecological study of grizzlies in the Yellowstone region. Radio frequencies were monitored from a secluded base station in Yellowstone National Park that had a range of 20 miles; mobile units and portable direction finders enabled the researchers to fix a more precise location once a signal was received from the base .e ~~ Figure 9 . John Craighead in his secluded lab fr-om a radio receiver as grizzly bear movem Craigheads]felt they were observing the gri wide-screen panoramic view." (Courtesy of grizzly bear movements on a map (Figu comments, "they felt they were observing have a wide-screen panoramic view."'11 Bu proximate a transcendent vision proved head's use of Landsat multispectral imag of grizzly bear habitat came close to bei which involved no animal trapping or dru ible within the surveillance of nature. As imaging to critical habitat analysis, the agency Grizzly Bear Study Team's plan t collaring program in Yellowstone in the argued, had been acquired on grizzly bea trapping program would only "subject a gree of disruption and man-conditioning basic biological parameters being sought the mechanisms of grizzly bear biology. T regulation to operate smoothly."710 Throu systems, and limited radio collaring, humans could manage from afar, intervening only when the order of nature went awry. Bears having a past history of human confrontations, for example, could be radio collared and their "movements from developed areas to backcountry anticipated and precisely recorded," thus avoiding potential dangers to unsuspecting backcountry visitors.7'
Biotelemetry and Landsat proved valuable in securing a transcendent vision that enabled the Craigheads to recreate a place of wilderness, where people could have an aesthetic experience of nature, each in his or her unique way. It was, after all, this aesthetic experience that had first drawn the Craigheads into the study of wildlife biology. Outside the professional discipline of wildlife biology, and at times even as professionals, the Craigheads occasionally spoke of this aesthetic, empathetic engagement with nature that could not be objectified, but that motivated and perhaps sustained their interest in wildlife biology. In their dissertation research on raptors, for instance, they recounted how a Ring-necked Pheasant roost, merely a number on the map and a flush count on a table, is a panoramic view of whirring wings, of an early morning sky momentarily filled with birds, a sedge marsh covered with tracks, a roost deep in the snow, where a hen still sits, refusing to move on a cold morning. Thus each locale-the pastured fields, the plowed ones, the stream bottoms easily flooded, the woodlot with mature beeches and numerous hollow basswoods, or the one enclosing a buttonbush kettle where rabbits congregate in winter and wood frogs are vociferous in early spring-is a separate picture with distinct habitats containing individual birds and mammals. Memories of such things form a mosaic which to the observer is the Township. This mental image of an environment, with individuals or groups of animal life in their respective places but intricately tied together by physical and biotic forces so sensitive that each small change may alter some details, cannot be completely transmitted, but must remain the possession of the observers alone.72
CONCLUSION
In the late eighteenth-century, Linnaeus, in an essay regarded as a classic of ecology, wrote of the "laws of nature by which the number of species in the natural kingdoms is preserved undestroyed, and their relative proportions kept in proper bounds." Such order, Linnaeus believed, was preserved through the police of nature, where each species kept another in check, under the watchful eye of God.
To overstep one's bounds was to suffer divine retribution. Natural historians were witness to this divine order well into the first three decades of the twentieth century. In the aesthetic and empathetic engagement with nature that defined the observational approach in natural history disciplines such as orni-such as Olaus Murie, the aesthetic experience of nature was also a religious sacrament. But with the recognition that there was no place of innocence, that humans had desecrated every part of nature, the only option that remained was to recreate nature before the Fall.74 Any sign of artificiality would destroy the illusion of this recreated nature as God's place of grace. We desire to recreate the Garden, but the act of creation must appear as though it arose in innocence through the hands of God. Otherwise, the aesthetic experience could never be achieved. The African plains exhibit and the Jackson Hole Wildlife Park were just two early examples of the late twentieth century's preoccupation with the re-creation of nature. What these "wilderness" restorations share is that longing for human invisibility within the act of creation.
The camera was an important yet equivocal instrument in the re-creation of nature.
After World War II, in the profession of natural history, the artistic camera's ability to capture the emotional essence and individuality of nature was abandoned in favor of its qualities as a scientific instrument of mechanical reproduction that simultaneously distanced researcher from subject. The introduction of biotelemetry and Landsat imaging into wildlife biology provided visual technologies that solidified the sought-after panoramic view. And as wildlife biologists approached this transcendent vision, they also took upon themselves a management style that more closely resembled the power of an omnipresent and omniscient Being: invisible, yet ever watchful, ready at any moment to intervene and impose divine justice. They had become the divine arbiter, ensuring the police of nature.
74 On the importance of the Garden of Eden and the Fall in twentieth-century representations of nature, see Donna Haraway, Primate Visions: Gender, Race, and Nature in the World of Modern Science (New York: Routledge, 1989 ).
